We conducted a 10 centimorgan (cM) linkage genome scan in a set of American extended pedigrees ascertained through probands with panic disorder. Several anxiety disorders segregate in these families. In this article, we describe results for simple phobia from 14 of these families (including 129 subjects of whom 57 are affected). A total of 422 markers were genotyped. Multipoint lod score analyses (fully parametric and simple parametric models) and nonparametric analyses were completed using ALLEGRO. We observed significant linkage of simple phobia to chromosome 14 markers. The highest lod score under a fully parametric model was 3.17, at marker D14S75, under a dominant model. Under a fully parametric recessive model, the maximum lod score, also at D14S75, was 2.86. Analysis under a simple parametric model resulted in lod scores of 3.70 (dominant model) or 3.30 (recessive model). The highest Zlr score observed was 3.93 (P ¼ 4.1 Â 10 À5 ). The Zlr score was 41 for an extensive region, 477 cM. In all, 12 of the 14 families studied provided positive or zero lod scores at marker D14S75 (dominant model). The homologous genomic region has been implicated by studies mapping quantitative trait loci for a mouse model of fear. The linkage peak may be regarded as highly promising, owing to the breadth of the peak, the convergence of results under different models of inheritance and different analysis methods, and the support from an animal model. This is the first genome scan linkage study for simple phobia, a common disorder that causes high morbidity in the US population.
Introduction
Simple phobia (SimpP) is a common anxiety disorder (lifetime prevalence 11.3%) 1 that often causes significant subjective distress and can also cause significant impairment. 2 According to DSM-III-R diagnostic criteria, 3 SimpP is characterized by a persistent fear of a particular stimulus that at some point reliably provokes an anxiety response, either avoidance of the stimulus or endurance of the stimulus with intense anxiety, and the recognition that the fear is unreasonable. The fear, or the avoidance of the stimulus, must also interfere with function or otherwise cause significant distress.
Characteristic stimuli that evoke phobic responses include heights, animals such as spiders and snakes, and stimuli related to blood or injury such as blood drawing. Like most anxiety disorders, SimpP shows substantial female predominance.
Anxiety disorders co-occur very frequently. In a study based on an epidemiological sample, Magee et al 2 reported that subjects with SimpP had a 27% rate of agoraphobia, a 44.5% rate of social phobia, and a 14.8% rate of panic disorder. Curtis et al 4 also showed high comorbidity between SimpP and other specific anxiety disorder diagnoses; those simple phobic subjects with more fears, showed higher comorbidity with other anxiety diagnoses. Comorbidity ranged from 12 to 48% agoraphobia comorbidity, 29 to 75% social phobia comorbidity, and 6 to 24% panic disorder comorbidity, for SimpP subjects with one fear (first number in range) and 6-8 fears (second number); the figures for 2-5 fears are intermediate between these.
SimpP 5 has been shown to aggregate in families. Fyer et al 6 studied the specificity of familial aggregation for SimpP, social phobia, and panic disorder with or without agoraphobia. In this study, probands were free of comorbid anxiety disorders. They showed significant specificity of familial aggregation, with each specific anxiety disorder showing significantly higher rates within relatives for the proband's disorder but not for the other two disorders. There were 15 SimpP probands; 49 of their living relatives were interviewed, and 31% of them had DSM-III-R bestestimate diagnoses of SimpP. Relative risk, compared to the rate of SimpP in relatives of normal control probands, was 3.9. The other two anxiety disorders also aggregated specifically.
The most recent heritability data were reported by Kendler et al, 7, 8 who considered heritabilities for agoraphobia, animal phobia, blood/injury phobia, situational phobia, and social phobia. The earlier study 7 employed a population-based sample of female twins with two assessments 8 years apart. Our definition of SimpP (DSM-III-R) includes much of what the Kendler et al study defined as animal phobia, blood/injury phobia, and some of what was defined as situational phobia. Estimated heritabilities for these three were 47, 59, and 46%, respectively (corrected for measurement unreliability). The more recent study 8 employed a sample of male twins; estimated heritabilities were 35, 28, and 25%, respectively (uncorrected for measurement unreliability). The estimated female heritabilities, if uncorrected, are very similar to the male heritabilities. 8 Mode of inheritance for SimpP has not been determined and is presumably complex.
There is thus considerable data supporting a genetic contribution for risk to SimpP. Also, although SimpP often co-occurs with other anxiety disorders, there is evidence for specific familial aggregation, which is consistent with the existence of genetic risk factors specific to SimpP. We collected a set of families suitable for linkage analysis with our primary goal to identify loci influencing the development of panic disorder. The families all segregate panic disorder and agoraphobia, but many segregate other anxiety disorders as well, including SimpP. In all, 14 families from the series have multiple individuals affected with SimpP. In a previous report, we considered linkage to panic disorder and agoraphobia; 9 we presented evidence supporting genetic risk factors that were largely specific for panic disorder or agoraphobia, but with some overlap. In this report, we present analyses for SimpP. We provide herein significant linkage evidence for a gene or genes on chromosome 14 that increase the risk for meeting diagnostic criteria for SimpP.
Subjects and methods

Clinical methods
Pedigree identification and collection of DNA Most families were first identified through the Anxiety Clinic at the Connecticut Mental Health Center at Yale. All families in this series were ascertained through probands with panic disorder. History of two or more additional family members with symptoms of an anxiety disorder, one with panic disorder, was required. Family history inclusion criteria were known symptoms of panic attacks, agoraphobia, generalized anxiety, or social phobia. SimpP was not a criterion for pedigree evaluation. Exclusion criteria and source of DNA are described elsewhere. 9 All subjects gave informed consent as approved by the relevant IRBs. The diagnostic process for SimpP was identical to that described for panic disorder and agoraphobia, 9 as these analyses were carried out in the same set of pedigrees (with a net addition of nine subjects). Of the 19 families in this series genotyped (162 subjects), three had only a single subject affected with SimpP and two had none affected. These families, comprising a total of 33 individuals, were excluded from SimpP analyses. Thus, a total of 129 subjects in 14 families were included.
Diagnosis The Schedule for Affective Disorders and Schizophrenia (SADS-L) 10 (modified to permit DSM-III-R diagnoses) was used for diagnostic evaluation. Assignment of diagnosis was as described previously. 9 All but two of the individuals included in this study received direct interviews. The two subjects who were not interviewed were coded as diagnosis 'unknown' for all analyses (ie, family information was not used to derive diagnoses). In all, 79% of the interviews were face-to-face and the remainder were conducted by telephone. Among the panel of 129 individuals considered here, 57 are 'definitely' affected with SimpP and five are 'probably' affected (subjects about whom a definite conclusion of affection could not be drawn, but who were thought by the reviewers to be affected). Among the affected subjects, 19% had diagnoses of animal phobia, 66% natural environment, 13% blood/injury, 24% situational, and 13% other (some subjects had more than one subtype). Power analysis using SIMLINK 11 using a one-locus model with 100 replicates showed average elod scores for SimpP of 10.96 (recessive model) and 10.88 (dominant model).The penetrance models used for SIMLINK were identical to those used for the linkage analysis.
We observed approximately 40% of onsets before age 10, and 475% before age 20. Among the subjects in this panel affected with SimpP, 24 are also affected with panic disorder, and 39 with agoraphobia (21 of these with both) ('broad' diagnoses in all cases, as defined below). The panel also includes 21 individuals who have either panic disorder or agoraphobia, but not SimpP. Thus, the comorbidity, while substantial, is far from complete.
Laboratory methods
Genotypes from 422 markers (18X-chromosome markers, 404 autosomal markers) were analyzed. The autosomal markers include 378 from the ABI PRISM LD-MD10 Linkage Mapping Set version 2.0 plus 6 markers used to replace failed markers from the ABI set. In addition, we genotyped polymorphisms at several candidate loci (described in Gelernter et al added to increase marker density, either in regions of interest for SimpP based on an analysis using the 10 cM marker set (chromosome 14 markers) or in regions of interest for panic disorder or agoraphobia based on results for those phenotypes. For markers that were on the Marshfield genetic map, the sex averaged distances were used. For the few markers not on the Marshfield map (mostly the candidate polymorphisms), the nucleotide position of the marker was located in the NCBI map viewer (http: //www.ncbi.nlm.nih.gov/cgi-bin/Entrez/map_search) and the flanking markers with defined positions on the Marshfield map and map viewer identified. The genetic distance was then estimated assuming that 1 MB ¼ 1 cM.
Statistical analysis Segregation analysis
In order to evaluate mode of inheritance in this sample, we performed segregation analysis using REGD 12 using several different models. In addition, the effect of parental and mate choice was modeled. Due to the higher rates of SimpP in women than men, models allowed for different baseline parameters for males and females when appropriate in the model.
Linkage analysis As described previously, 9 markers were checked for Mendelian segregation errors using Pedcheck, 13 then PREST 14 to resolve pedigree discrepancies. Initial nonparametric analyses (NPL; data not shown) and parametric (lod score) analyses for the SimpP phenotype were performed using GENEHUNTER2, 15 under dominant and recessive models. Separate analyses were done including only 'definitely' affected subjects as affected ('narrow' definition), and also expanding the set of affecteds to include 'probably' affected subjects ('broad' definition). DSM-III-R criteria were used as the basis for diagnosis under both broad and narrow definitions, the difference being the reviewer's degree of certainty of that diagnosis. Unaffected individuals were modeled as 'unaffected,' and individuals without data were modeled as missing.
For parametric lod score analyses, we used models (Table 1) , derived from published prevalence data 1 and from age-of-onset observations in this series. The ages of onset observed in our series were quite consistent with published reports showing median age of onset for SimpP of 15 years. 2 The model used assumes a difference in incidence rates between males and females with high penetrance by age 15, higher penetrance in females, and initial incidences continuing until age 25.
ALLEGRO 16 was used for final autosomal parametric (lod) and nonparametric analysis (Z lr or Zlr score), under both dominant and recessive inheritance models. Lod and Zlr scores were calculated at each marker and at one point equidistant between each marker pair. Zlr scores are reported rather than NPL scores because it has been demonstrated that the NPL scores calculated by GENEHUNTER are too conservative when inheritance data are incomplete, and this problem is addressed by the GENEHUNTER-PLUS Zlr algorithm 17 also incorporated in ALLEGRO. ALLE-GRO was also used to vary the proportion of families linked (a) in order to estimate the heterogeneity lod (hlod).
Our first parametric ALLEGRO analysis produced results that were not consistent with prior GENE-HUNTER analyses, although the nonparametric results were consistent. The authors of ALLEGRO determined that the distribution version of the program contained an error in the handling of liability classes (Gudbjartsson and Kong, personal communication, October 2001). They supplied a corrected version, which was used to compute the results presented here.
ALLEGRO was also used to perform analysis using a simple parametric (Simple-Par) model with all individuals assigned to a single simple liability class and highly reduced penetrance. For the dominant model the class was: aa, 0.00025; Aa, 0.0128; and AA, 0.0128. For the recessive model, the class was: aa, 0.00025; Aa, 0.00025; and AA, 0.0179. Unaffecteds were scored as 'unaffected'. The explicit applicability of this model to this phenotype is not known, but may 15 was used to perform fully parametric linkage analysis using the specified models, and for calculating the NPL scores for the model for X chromosome. For X chromosome markers, we used a dominant model only (which is consistent with the higher prevalence of the phenotype in females).
Results
Segregation analysis
The families we analyzed did not provide enough power to reject any model. Spousal effects are larger in this sample than parental effects, but in a negative direction. A recessive model that forces the spousal effect to be zero, was significantly worse (w 2
Linkage analysis
Results for SimpP are summarized in Table 2a and b. Based on our first set of analyses (using GENEHUN-TER2), a region on chromosome 14 provided suggestive evidence for linkage. We therefore increased 18 under dominant inheritance (narrow model), with lod score 3.17. Under a recessive model, the highest observed lod score was 2.86 (at the same position), also under the narrow model. Zlr score 3.93 (P ¼ 0.000041) at position 35.0 was also observed (broad model). For nonparametric analyses, there was an extensive genomic region (77 cM) with Zlr score41.
One other region gave lod score 42.0 (lod score 2.2 at position 127 on chromosome 8; recessive/narrow model). This meets the criteria for 'suggestive' linkage. 18 The same location also gave Zlr score 3.05 (P ¼ 0.005). Full-genome (autosomal) Zlr results are presented in Figures 1 and 2 .
We then completed analyses under a simpler model. This Simple-Par model (Table 2b) showed basically similar results, but with some higher lod scores on both chromosome 14 and chromosome 8. On chromosome 14, we observed a lod score of 3.70 at D14S75 under a dominant/broad model, with a range of 50 cM corresponding to lod score41. Under a recessive/narrow model, we observed a lod score of 3.30, again at D14S75. On chromosome 8, the highest observed lod score was 2.36, at position 130.4, under a dominant/narrow model.
Of the 14 families studied, 12 gave positive (or 0) linkage results at marker D14S75 on chromosome 14, for the fully parametric model (Table 3) . One gave maximum lod scores near 0, and another, À0.11. Only one generated a lod score oÀ0.2 (vs six families with lod score 40.2). That family is the family we described previously in the context of linkage results for panic disorder and agoraphobia; this family, 057, individually generated a lod score of 2.1 and an NPL score of 10.03 (P ¼ 0.0039) supporting linkage of the agoraphobia phenotype to chromosome 3 markers. 9 With the phenotype of SimpP, that family generates a lod score of 2.01 (at D3S1279). That is, of the entire set of anxiety families studied, the only family that did not show positive or at most weakly negative lod scores for linkage of SimpP to chromosome 14 markers, individually shows suggestive linkage of SimpP to chromosome 3 markers. Additionally, based on its lod score at D14S75, family 057 has a posterior probability of no linkage of 93%. 19 We also noted previously that the agoraphobia presentation in that family was somewhat unusual clinically. When this family is excluded from the analyses, the maximum Zlr score observed in this region for the remaining families increases to 4.15 (P ¼ 0.000016) and the maximum lod score increases to 3.76; both of these values meet the criteria for genomewide significance.
Under the Simple-Par model analyses, the situation is very similar, but in this case family 057 is the only family that does not generate near-zero or positive lod scores at D14S75 (Table 3 ). The maximum lod score Simple phobia chromosome 14 risk locus J Gelernter et al Figure 1 Full genome summary (autosomal)ÀZlr scores.
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Simple phobia chromosome 14 risk locus J Gelernter et al reached was 3.70 (including all families) or 4.29 (excluding family 057).
We then compared SimpP subtypes in subjects who came from putatively 'linked' families (those that produced lod score 40.5) and subjects from putatively 'unlinked' families (all others). The distribution of subtypes in the 'unlinked' group was animal, 19%; natural environment, 64%; blood/injury, 14%; situational, 29%; and other, 14%. The distribution for the same subtypes in the same order in the putatively 'linked' group was 20, 70, 10, 15, and 10%. The frequencies all appear similar by inspection except for situational phobia, which had a rate in the 'unlinked' group that was nearly double that in the 'linked' group. We then determined that each subject in the 'linked' group with situational phobia, also had other at least one other SimpP subtype. Based on this preliminary observation, we hypothesized that the chromosome 14 linkage is specific to SimpP subtypes other than situational, and performed exploratory linkage analysis for chromosome 14 only, amending the diagnosis definition to define subjects with situational phobia only as 'unaffected'. This excluded five individuals. The results are summarized in Table  4 . Under this diagnosis definition, Zlr scores increased uniformly (to a maximum of 4.14 under the 'broad' definition). Under the Simple-Par model, lod scores also increased fairly uniformly. Under the dominant/broad model, the maximum lod score increased to 3.77; under the recessive/broad model, the maximum lod score increased to 3.85; and under the recessive/narrow model, the maximum lod score increased to 3.33, all at the same map location. This is the only alternate diagnosis definition we explored. 
Discussion
This is the first linkage study for SimpP, a common disorder that causes high morbidity in the US population. We identified a region on chromosome 14 with significant linkage to SimpP; the maximum lod scores were 3.17 (dominant/narrow model) and 2.86 (recessive/narrow model) and the maximum Zlr score, 3.93 (P ¼ 0.000041). Analysis under a dominant/broad Simple-Par model resulted in lod score ). All but two of the families studied produced positive or near-0 lod scores at the peak on chromosome 14 under the fully parametric model, and all but one family did so under the Simple-Par model (Table 3) , an unexpectedly high level of consistency for this common trait. Family 057 may reasonably be excluded from the remainder of the set of families for exploratory consideration, because as discussed above this family showed a suggestive linkage to agoraphobia, and also generated a lod score of 2.01 at marker D3S1279 on chromosome 3 for SimpP. The negative result for chromosome 14 markers may therefore reflect the occurrence of a different genetic variant in that particular family. If this family is excluded, maximum lod scores increase to 3.76 (dominant/narrow/fully parametric) or 4.29 (dominant/broad/simple model), and the Zlr score increases to 4.15 (P ¼ 0.000016).
In the process of this study, we first completed a 10 cM genome scan (ABI LD-10 marker set with modifications as described in Gelernter et al 9 ) . From this analysis, chromosome 14 emerged as the region with best preliminary support for linkage to SimpP. Based on this result we increased marker density, adding markers D14S75, D14S980, D14S274, D14S1036, and D14S1037. With this increase in marker density, the NPL score and lod scores (computed by GENEHUNTER2 or ALLEGRO) increased from 3.48 to 3.93 and from 2.48 to 3.17, respectively. The latter increase also reflects a switch in analysis methods from GENEHUNTER2 to Allegro, which can include more linkage information from unaffecteds in the larger pedigrees.
We found significant support for linkage of SimpP to chromosome 14 markers. 18, 22 This result stands in contrast to our own results and the results of other laboratories in genetics of panic disorder 23, 24, 9 where there was no significant linkage finding with clinical samples of roughly comparable size, and no particular 'suggestive' linkage peak dominated the others. In our previous linkage study of panic disorder and agoraphobia in these same pedigrees, an NPL value of 2.38 (P ¼ 0.005) was observed for panic disorder, and an NPL score of 2.16 (P ¼ 0.017) was observed for agoraphobia in the same genomic region now reported to be linked to SimpP. 9 The coincidence of these findings carries the suggestion of a chromosome 14 locus influencing phobic symptoms and through this pathway potentially affecting risk for panic disorder and agoraphobia as well. Although the diagnostic criteria for these disorders do not overlap strictly, they are related in terms of the subjective experience of anxiety.
We used the DSM-III-R classification of SimpP as a single diagnostic entity, for our primary analysis. However, SimpP has been subtyped, according to the primary phobic stimulus. There is some evidence that different SimpP subtypes may be physiologically or genetically distinguishable to some extent (see, eg, Kendler et al 7, 8 ). The DSM-IV 25 classification adds subtypes (animal, natural environment, blood/injection/injury, situations, and 'other') to the SimpP category, now renamed 'specific' phobia. We examined the distribution of SimpP subtypes in our sample, and made the preliminary observation that the 'situational' subtype was under-represented in our putatively linked families, and therefore undertook a preliminary analysis excluding that subtype from the definition of affection. This resulted in increased lod and Zlr scores, providing some support that the linkage we report here may exclude the 'situational' subtype. (Family 057 had the greatest number of affecteds with this subtype only; this subtype bears a clinical relationship to agoraphobia.)
Animal models of anxiety are consistent with a chromosome 14 linkage. A QTL study of fearfulness (open field activity) in mouse using outbred strains identified five QTLs in F2 intercrosses with significant support. 26 One of these, D12Mit47, appears to coincide with our chromosome 14 linkage signal for SimpP 27 (mouse-human homology database, http:// www.informatics.jax.org/). More recent work refined the mapping of this QTL by use of outbred strains; This study has several limitations. First, the results may apply only to the population studied that is, European-Americans; it is possible that similar results may be obtained in other populations, but that may not be assumed. Second, our use of different diagnostic models and modes of inheritance, plus simplified parametric models, may have resulted in the inflation of the significance of the linkage results. We note that the results from the 'broad' and 'narrow' diagnostic classifications are similar (as expected because this affected the categorization of only five individuals), that high lod scores were obtained under dominant and recessive parametric models, and that the highest lod score was obtained under the Simple-Par model, which should be particularly robust. Given the similarity of results under different analysis methods, it is unclear what statistical penalty for multiple testing should apply. Third, for a linkage to be accepted, independent replication is necessary.
Fourth, our SimpP sample was ascertained through families with panic disorder probands; this sampling procedure could have consequences for the generalizability of the results to differently ascertained samples. Fifth, this is a modest-sized sample for mapping a complex trait.
Despite these limitations, several factors support the possible validity of this finding; these factors include the genomewide-significant parametric lod score (under several, but not all, analytic models) and the near genomewide-significant Zlr score of 3.93 (P ¼ 0.000041), the very broad chromosomal region associated with positive lod and Zlr scores on chromosome 14, and the previous observation of linkage to a possibly similar phenotype in a rodent model. This was a surprisingly strong result for the simple phobia trait; compared to our panic disorder/ agoraphobia study, the sample size is somewhat smaller; also our hypothesis a priori was that a risk locus was most likely to be identified for panic disorder. However, the evidence for linkage presented is over an order of magnitude stronger than the one best presented by us previously for panic or agoraphobia.
Not surprisingly, the linked region contains good candidates for affecting this behavioral phenotype. Perhaps, the most interesting of these is somatostatin receptor 1 (SSTR1). Somatostatin modulates fearpotentiated startle in an animal model, 30 and a somatostatin analog reduces panic-related symptoms in humans.
31 SSTR1 encodes one of the five Gprotein-coupled somatostatin receptors. This gene is one of the several that maps to the region that merits further investigation in SimpP. We conclude that a gene increasing risk for SimpP is likely to reside on chromosome 14, and that further study is required both to confirm the linkage and to narrow the linked region.
